Here we report a novel nitridation technique for transforming niobium into hexagonal Nb2N which appears to be superconducting below 1K. The nitridation is achieved by high temperature annealing of Nb films grown on Si3N4/Si (100) substrate under high vacuum. The structural characterization directs the formation of a majority Nb2N phase while the morphology shows granular nature of the films. The temperature dependent resistance measurements reveal a wide metal-to-superconductor transition featuring two distinct transition regions. The region close to the normal state varies strongly with the film thickness, whereas, the second region in the vicinity of the superconducting state remains almost 
Results:
We present the substrate mediated nitridation technique for Nb to form Nb2N schematically in Fig. 1 
(a)-(d).
We use Si3N4/Si(100) as the substrate where the only source of nitrogen for nitridation is the dielectric Si3N4. When a Si3N4/Si(100) substrate is heated at temperature ~ 820°C under high vacuum, Si3N4 decomposes into elemental Si and N atoms 20 and the lighter N atoms acquire high kinetic energy and become easily mobile to interact with the deposited metallic film 16 . The growth of Nb films on Si3N4/Si substrate at (820 ± 10)°C by using magnetron sputtering is schematically displayed in Fig. 1(c) . After completing the deposition we continue annealing at the same temperature for two hours at pressure ~ 0.5-1.5 x 10 -7 Torr. At this stage, Nb atoms interact with the released N atoms from Si3N4 and undergo the nitridation process. The chemical reaction during the annealing process is shown in Fig. 1 (e) by using the respective crystal structures of -Si3N4, bcc Nb and hexagonal Nb2N.
For comparison, we have deposited Nb films on Si3N4/Si (nitride) and SiO2/Si (oxide) substrates simultaneously and the latter act as control samples. In Fig. 2 , we present XRD spectra for 4
representative samples (G1, G2, G3 and G4) with varying thickness and a control sample C1. The thickness values of the samples G1, G2, G3 and G4 are about 80 nm, 40 nm, 17 nm and 12 nm, respectively. The control sample C1 is grown with sample G3 in the same run and they were closely placed during the growth process and are having almost same thickness ~ 17 nm with ± 2 nm variation.
The XRD pattern for the control sample reveals majorly the cubic Nb phase. However, some oxide phases for Nb appear too due to high temperature annealing on oxide substrate 21 . For the samples on nitride substrates, majority of the peaks relate to hexagonal Nb2N phase and consequently, a clear difference from the control sample is evident. All strong peaks related to hexagonal Nb2N phase are present and a couple of other relatively weak Nb4N5 peaks appear too. The appearance of elemental Nb peaks depends on the thickness of the films. For example, the two relatively thick samples G1 and G2 show the presence of Nb in addition to its nitride phases. With decreasing thickness the relative amplitudes of Nb peaks get reduced and the nitride phases start to become prominent and finally for G3, almost there is no trace of Nb and the same is true for the thinnest sample G4. Here the peak, at 2Ɵ = 38.5°, corresponds to Nb (110) plane as evident for the control sample and the same is present in the XRD spectra of G1 and G2.
However, if we compare the amplitude of this peak in these three samples shown from the bottom to upwards in Fig. 2 , we find that the relative amplitude gets reduced in G1 as compared to that in C1 and a further reduction occurs from G1 to G2 for which a very weak peak appears at that position. Now if we move upward to sample G3, we observe a much stronger peak appears at the same position as that of Nb (110) plane along with other strong Nb2N peaks. Here it is important to note that other Nb peaks disappear completely from the XRD pattern for G3. Incidentally, at 2Ɵ = 38.5°, Nb2N possesses its strongest peak related to (101) plane. As most of the peaks correspond to Nb2N phase and no other peaks of Nb are present, the afore-mentioned peak certainly indicates Nb2N (101) plane. Therefore, the majority of the peaks guide towards the formation of Nb2N phase. Recently, it has also been shown that single phase Nb2N growth can be achieved in the temperature range 750-850°C which is consistent with our observation 13 .
As the substrate induced nitridation for Nb is evident, we call the samples on Si3N4/Si and SiO2/Si substrates as nitride samples and Nb control samples, respectively. For low temperature transport measurements, the adapted device geometry is shown in the inset of Fig. 3(a) . A set of R(T) is displayed in Fig. 3 Fig. 3 As the switching from SC-to-NM does not occur in a single step, we have multiple characteristic critical currents among which two extreme cases are considered. The first one, defined as the critical current Ic0, widened than that at zero-field. At 50 mT, the transition to normal state happens at much higher current than the same at zero-field. Another point to note is the curvature of the IVCs in the span between Ic0 and the first resistive step changes from convex to concave under the applied field. In Fig. 4 , we observe a similar type of curvature change with reduction in thickness from samples B1 through B2 to B3. The number of resistive steps is also observed to increase in the same sequence from B1 to B2 to B3.
Therefore, the effect of magnetic field on the IVCs compliments the thinning effect at zero-field 24,30 .
Discussion:
In Here, the maximum relative variation in the grain size occurs for the thinnest sample B3 which undergoes the widest transition [ Fig. 3 ]. For thinner samples, an enhanced Tc is expected as thinning leads to a shorter mean free path and the broadening in R(T) can be due to the enhanced Tc Fig. 3(c) .
In order to have an insight into the NM-SC phase transition as appeared in the measured R(T)
characteristics, we present the normalized resistance in the reduced temperature scale for the nitride samples separately in Fig. 7(a 
Conclusion:
We have demonstrated a simple technique to transform Nb into Nb2N by employing Si3N4 based substrate which serves as the source of nitrogen when it gets decomposed by high temperature annealing. The transformed nitride samples show unconventional superconductivity below 1K by exhibiting wide two step NM-SC transition featuring resistive tailing in the superconducting state. We emphasize here that the granularity mediated inhomogeneity, quantum fluctuation and the FSE are the main reasons behind the observed wide transition, the resistive tailing and the residual resistance in the R(T) characteristics.
Interestingly, the current driven metal-superconductor transition as appeared in the IVCs also exhibits wide transition featuring stair-case type resistive steps that are the signatures of PSLs in 2D superconducting strips. The PSLs indicate a significant role of phase fluctuations to the transition too.
Finally, our results demonstrate that Nb2N can be a promising candidate to study SFs and PS related phenomena and applications.
Methods:
Nb thin films were grown on Si3N4/Si(100) [nitride] and SiO2/Si(100) [oxide] substrates by using an ultrahigh vacuum (UHV) DC magnetron sputtering system. For nitride substrate, low pressure chemical vapor deposition (LPCVD) grown 100 nm thick Si3N4 layer and for oxide substrate, thermally grown 300 nm thick SiO2 layer act as the dielectric spacers to isolate the films from the substrates. Prior to deposition, substrates were gone through a rigorous cleaning process by ultrasonic cleaning in acetone and iso-propanol for 15 minutes in each. Afterwards, the substrates were cleaned in oxygen plasma for 15 minutes and finally, they were preheated at ~820°C in high vacuum (~1 × 10 -7 Torr) inside the UHV chamber for 30 minutes to remove any chemical residues and surface contaminants. In the preheating stage, some parts of the substrate were covered with stainless steel shadow mask in order to have defined strips of Nb film. After the cleaning procedures we evacuated the chamber to less than 3.5 × 10 −9 Torr and meanwhile the substrates were heated up to (820±10)°C which was maintained during the sputtering and post-sputtering annealing process. The As we have already seen in the main text that for the nitride samples thickness plays a vital role in monitoring the transition region for superconductor-metal transition in their R(T) and also in
IVCs. However, for the oxide samples we observe a single step sharp transition from superconductor to normal metallic transition at the critical current IC. The same is observed in the reverse direction at the retrapping current Ir which is much less than IC. Hence, the IVCs are hysteretic with respect to the current sweeping direction. Except for the values of these two spherical scattering points in Fig. S5 .The experimental data from both R(H) and R(T) measurements follow a linear variation between the critical field and the critical temperatures.
The slope of the fit is used to calculate the GL coherence length, B2 and B3, respectively. As our thickness values for the nitride samples are of the order or less than the related coherence lengths, therefore, the samples can be considered in 2D limit.
6. Resistive tailing in the SC-state 
